The spatial structures and temporal variations in subtidal currents in the northern South China Sea (SCS) are quantified in this study using 20-day to 9-month measurements from eight acoustic Doppler current profiler moorings deployed on the shelf and slope. The moored observations demonstrated that subtidal currents varied considerably with no persistent current feature on the shelf or slope. In winter, transient northeastward subtidal flows appeared sporadically but only when the wind stress was lower than 1 dyne cm -2 . The potential transient along-shelf flow formation mechanisms during winter are attributed to the variation in cross-shelf and alongshelf sea levels. The variation in cross-shelf sea level is due to Ekman transports varying over a period of 100 h. The variation in cross-shelf sea level gradient induced by the wind generates an along-shelf geostrophic current. When the sea level gradient anomaly is negative (i.e., sea level anomaly increased seaward), a transient shelf current appears, whereas the opposite phenomenon occurs as the sea level anomaly decreases seaward. The variation in the along-shelf sea level is due to the along-shelf sea level setup or set down as a result of shelf water accumulation or reduction near Hainan Island over a period of approximately 400 h. Other possible factors affecting subtidal currents include fresh water inputs from the Taiwan Strait, typhoons and eddies in the northern SCS.
InTRoduCTIon
The South China Sea (SCS) is semi-enclosed and the largest marginal sea in the western Pacific Ocean. The SCS is encompassed by the Asian continent, the Philippines, Indonesia, and other islands. It contains inflows and outflows from adjacent seas through several channels. The largest channel is the Luzon Strait (Fig. 1) , which connects the SCS and western Pacific Ocean and is considered the primary conduit for water exchange between these two water bodies. In the north, the SCS joins the East China Sea (ECS) through the Taiwan Strait (Wyrtki 1961) .
A broad continental shelf and slope are found in the northern part of the SCS. The shelf, located off the southern coast of China, is generally shallower than 100 m. It spans approximately 400 km from the coast to the continental slope and extends approximately 800 km from Hainan Island to the southern opening of the Taiwan Strait. The currents on the shelf are tightly coupled to the currents in the Taiwan Strait (Su and Wang 1987) and Luzon Strait.
The subtidal current on the shelf reflects seasonal variation corresponding to shifts in the Asian monsoon (e.g., Wyrtki 1961; Shaw and Chao 1994; Hu et al. 2000; Gan et al. 2009 ). In summer, when the southwest monsoon prevails, the current over the shelf flows to the northeast. This northeastward flow can transport shelf water masses, including discharge from the Pearl River, to the southern opening of the Taiwan Strait (Gan et al. 2009) . A southwestward coastal current exists in the west of the Pearl River. This current diverges into two branches near Hainan Island, one of which enters the Qiongzhou Strait (between Hainan Island and mainland China) and the other flows southward along the Hainan Island Coast, forming a cyclonic circulation in the area (Bao et al. 2005) . In winter, the northeast monsoon dominates, and the current over the shelf separates into three flow patterns (Guo et al. 1985) . Over the inner shelf, the current flows southwestward (i.e., Guangdong coastal current) along the coast of China from the southern opening of the Taiwan Strait toward Hainan Island. Over the outer shelf, the current flows primarily toward the northeast and southwestward slope current.
In addition to the seasonal variations, a particular current on the shelf, the SCS Warm Current (SCSWC), identified by Guan (1978) through sparse hydrographic observations, has drawn the attention of oceanographers since the 1970s. The SCSWC is believed to dominate the shelf and shelf break and is a year-round, strong, narrow, northeastward current. It apparently flows against the wind during the winter monsoon season (Guan and Chen 1964; Guan 1978 Guan , 1985 Guo et al. 1985; Guan and Fang 2006) . The SCSWC pathway is primarily over the shelf between the 100-and 400-m isobaths. The vertical extent of the SCSWC is from the surface to a depth of 300 m. It likely originates in the vicinity of Hainan Island (Guan 1978 (Guan , 1985 . This pathway was described in detail by the SCS Branch (SCSB), State Oceanic Administration (SOA), in 1990 (SCSB 1990 ). The SCSWC is considered a source of the Taiwan Warm Current and could be a crucial pathway transporting waters from the SCS to the Taiwan Strait and even to the ECS (Su and Wang 1987) .
The SCSWC formation mechanisms have been examined in numerical modeling studies since the 1990s. Chao et al. (1995) and Chiang et al. (2008) demonstrated that the SCSWC is caused by northeast monsoon relaxation during the winter months because of the pressure gradient relaxation between Hainan Island and the southern opening of the Taiwan Strait. The SCSWC does not exhibit a distinct pattern during summer monsoon relaxation. Hsueh and Zhong (2004) suggested that the pressure field caused by the Kuroshio intrusion is a crucial factor for SCSWC formation. The SCSWC is well developed over the shelf during summer but exists only near the shelf break during winter. Yang et al. (2008) concluded that the SCSWC is a source-and sinkdriven flow induced by the Taiwan Strait Current, which is a year-round northward flow through the Taiwan Strait. Gawarkiewicz et al. (2004) analyzed the current velocity through 2 years of hydrographic surveys and observed that current structures across the shelf varied substantially in the study period. In April 2000, the current flowed northeastward along the isobaths, whereas in May 2001, the flow over the slope was southwestward. The authors suggested that the strong density contrast between the outer shelf and upper slope water masses is a factor driving the flow northeastward.
Previous studies demonstrated the shelf circulations in the northern SCS. However, most studies were based on short-term moored current observations or several one-time hydrographic surveys and could not clarify the intermittent low-frequency currents driving factor. During the past decade in situ current measurements in the northern SCS have increased significantly. In the present study, we examined the moored current measurements from numerous sources including moorings from the Asian Seas International Acoustics Experiment (ASIAEX) field observations. Although moored data from ASIAEX were primarily analyzed to identify nonlinear internal solitary waves ), these data also provide an opportunity to examine the lowfrequency variability of currents on the shelf and slope of the northern SCS. In addition to moored currents, satellite-based ocean surface wind, sea surface height anomaly (SSHA), in situ bottom pressure, and sea level data were used.
Our study extends previous investigations by quantifying the spatial structure and temporal variability of subtidal currents on the shelf and slope of the northern SCS and by investigating the possible mechanisms that cause variability in the currents. The remainder of this paper is organized as follows. We describe the fieldwork performed in this study in section 2. The spatial and temporal variability in currents on the continental shelf and slope are presented in section 3. In section 4, we discuss the factors affecting current variability. Finally, conclusions are presented in section 5.
FIeldwoRk
Eight moorings instrumented with bottom-mounted acoustic Doppler current profilers (ADCPs) were deployed on the shelf and shelf break of the northern SCS (Fig. 1 Table 1 . These ADCP moorings sampled current velocity at 1-to 3-min intervals. Study data were averaged into 1-h intervals with a corresponding root-mean-square error of approximately 2 cm s -1 . The vertical bin sizes varied from 4 -10 m.
Six of these eight moorings were deployed in a crossshelf mooring array (stations S2 -S7, denoted by filled circles in Fig. 1 ) extending from the inner shelf to the continental slope with the water depth increasing seaward from station S2 (approximately 70 m) toward station S7 (approximately 350 m) from April to May 2001. The data were examined by Beardsley et al. (2004) , Duda et al. (2004) , and many others studying barotropic and baroclinic tides as well as the characteristics of internal solitary waves. Moreover, the data facilitate the study of the spatial structure of subtidal currents on the shelf and shelf break.
Shelf current structure can be investigated using station H1, another bottom-mounted ADCP mooring on the shelf. Station H1 was located southwest of the ASIAEX array over the middle of the continental shelf. In addition to ADCP, H1 also carried a temperature and pressure gauge. The current velocity and temperature at station H1 was measured for the entire winter from 4 November 2001 to 21 March 2002. The long-term in situ observation of shelf currents in the northern SCS is valuable because of the difficulty in maintaining moorings in areas with intensive fishing activity and strong storms and currents. The extended deployment at station H1 is particularly valuable. Station S7 was later re-deployed at the slope for another 9 months from 29 April 2005 to 18 January 2006, providing another long-term velocity record at the slope.
The measurements from all eight moorings provided the most comprehensive results in the spatial (cross-and alongshelf) and temporal variability in currents in the northern SCS shelf region. These currents have not been well elucidated to date. We focused on subtidal currents in this study. The data presented here are 48-h low-pass-filtered.
Ocean surface wind data, extracted from the archive of the QuikSCAT satellite and the National Centers for Environmental Prediction (QSCAT/NCEP reanalysis) blended ocean wind, were used to interpret the forcing of the observed currents. The temporal and spatial resolutions are 6 h and a half-degree, respectively.
ReSulTS

Cross-Shelf Structure of Subtidal Currents in April to May 2001
Figure 2 presents the low-pass-filtered current velocity as a function of depth and time at all sites (stations S2 -S7) along the ASIAEX mooring array. The measured currents along the array were rotated 20° counterclockwise from east to follow the local isobaths. Thereafter, the along-shelf and cross-shelf components of the current velocity were positive toward the northeast and onshore across isobaths, respectively. Figure However, the southwest monsoon did not begin to intensify (Hellerman and Rosenstein 1983) . The wind was initially blowing toward the southwest, turning to the northeast, and finally rotating toward the southwest. The southwesterly winds were generally weaker than the northeasterly winds. The currents over the continental shelf and slope mostly flowed southwestward (Fig. 2b) . The along-shelf currents were generally weak (approximately 20 cm s -1 ) and flowed mainly southwestward. The cross-shelf current velocity component ( Fig. 2c ) lacked a persistent orientation because the current shifted onshore and offshore back and forth across the isobaths. The maximum cross-shelf current speed reached 30 cm s -1 near the surface. Two notable northeastward flow events were observed during the 1-month period of observations (i.e., from 29 April to 2 May 2001, and from 6 to 9 May 2001; Fig. 2b ). During these two events, the northeast monsoon was weakened and winds shifted to the southwest. The maximum current speed reached approximately 30 cm s -1 near the surface at station S2, and the current speed gradually decreased in magnitude with increasing depth and offshore. However, the spatial structures of these two events varied. In the first event, the northeastward flow was confined to the shelf between stations S2 and S3 with a cross-shelf width of 15 km. In the second event, nearly the entire shelf and slope was covered. The cross-shelf scale of this event was approximately 60 km. This difference might be attributable to the varying strengths of the wind forcing between the two events. Because the southwesterly wind was markedly stronger during the second event, the Ekman transport for the eastward component of the flow was larger. The shelf-wide response to the Ekman transport is discussed in section 4. Figure 3 presents the wind stress and U (positive to the east) and V (positive to the north) components of current velocity at continental slope station S7 from May 2005 to January 2006. Summer-like (May -October) and winterlike (November -April) monsoon conditions were apparent (Fig. 3a) . The monsoon winds were weak and generally directed toward the northeast during summer. The monsoon winds transition occurred from August to September, followed by strong and generally northeasterly winds during winter. The current fluctuated significantly during this transition period. After October, the northeast monsoon intensified and the current mainly reversed between westward and eastward. Two northeastward current events associated with the weakening of the northeasterly monsoon wind were observed from 3 to 15 November 2005, and from 24 to 27 December 2005.
Variability of Currents at the Slope and on the Shelf
A detailed observation of the subtidal currents may reveal that the current exhibits rotation-like variations. The currents at station S7 were depth averaged to clarify the characteristics of the current variation over the continental slope (Fig. 4a) . Seasonal shifts in current variability were observed. From May to mid-September, the currents alternated between clockwise and counterclockwise rotations. This change in rotation reflected a pair of anticyclonic and cyclonic circulations on the slope. For example, from May to July, the current was initially northeastward and subsequently became southeastward, southwestward, and northwestward. The clockwise rotation ended in mid-June. The current subsequently rotated counterclockwise until mid-July and reversed until mid-September. From mid-September through winter, the flow shifted mainly between a southwestward and northeastward flow without long rotation duration. The monthly cyclonic and anticyclonic rotations suggest the importance of large eddies from the central basin of the SCS affecting the slope flow. The relationship between the current variability and eddies is discussed in section 4.1. The shelf currents during winter at station H1 are presented in Fig. 5 . The QSCAT/NCEP time series blended wind velocity at 113°E, 20°N demonstrates that the northeast monsoon prevailed throughout the entire winter (Fig. 5a) . The wind was strong in November and December and slightly weakened in the following months. The wind occasionally weakened for several days, with the wind stress decreasing to ≤ 0.5 dyne cm -2 . Both the U and V components of the current velocity changed directions throughout the entire observational period. The currents over the continental shelf did not flow against the wind when strong northeast monsoon winds prevailed. Similar to the model results obtained by Chiang et al. (2008) , on the shelf, the northeastward currents (i.e., the SCSWC) appeared after the northeasterly wind weakened. Each northeastward flow event lasted for 2 -8 days, with speeds reaching 30 cm s -1 near the surface. The following three events were particularly notable. The northeasterly wind was strong during period 1 (5 -15 November 2001), and the current primarily flowed southwestward. During period 2 (11 -18 January 2002), the wind was relatively weak and the current was northeastward. In period 3 (15 -25 February 2002), the wind was highly variable and a northeastward current appeared after the northeasterly wind weakened.
The scatter plots of the along-shelf wind stress and current velocity at station H1 clearly indicate that the current velocity direction correlates with the wind strength (Fig. 6) . When the wind was strong (wind stress > 1 dyne cm -2 ), the flow was mainly southwestward. The maximum southwestward flow speed reached 40 cm s -1 at the surface, decreasing with depth. When the wind weakened, the northeastward shelf flow emerged. at depths. However, this result only explained 50% of the total variance; moreover, for a given wind stress, the uncertainty in current velocity predicted by a simple linear regression is about ±15 cm s -1 with 95% prediction intervals. This implies that the current may be controlled by other factors in addition to the local wind forcing.
The aforementioned findings indicate that the currents measured at the slope and on the shelf vary considerably. The factors that may affect the variations in the currents at the slope and on the shelf are discussed in section 4.
dISCuSSIon
eddy effect on the Slope Currents
The currents over the continental slope of the northern SCS (station S7 in 2005 and 2006) are described in section 3.2. The observed sub-tidal currents exhibited a seasonally varying rotating feature and may be related to the presence of eddies. To examine the effect of eddies on the slope current variability, the depth-averaged currents were compared with the satellite-derived geostrophic current, which was derived from the weekly altimeter SSHA extracted from Archiving, Validation and Interpretation of Satellite Oceanographic data (AVISO, available at http://www.aviso.altimetry.fr/duacs/). Figure 4b presents the comparison between the depth-averaged current (solid lines) and geostrophic current anomaly (empty circles). The satellite-derived geostrophic current was consistent with the observed current, indicating that currents on the slope correlate highly with sea level changes and are in geostrophic balance. Analyzing the relationship between the observed current and SSHA in a planned view is therefore necessary. Note that the moored data were 48-h low-pass-filtered and the weekly satellite altimetry data is able to resolve motions with a temporal scale > 20 days and spatial scale > 70 -100 km. The strong correlation was based on mesoscale (50 -300 km) and largescale (> 300 km) dynamic fields (Sudre and Morrow 2008) . Figure 7 presents the eddy impact evolution on the slope current during the summer (left panel) and winter (right panel). The slope currents were affected by different types of eddies in different seasons. In summer, the slope currents were affected by the anticyclonic or cyclonic eddy pair, which originated in the west Luzon Strait and propagated west or southwestward along the continental slope. The size of the eddy was approximately 1° in latitude and 110 km in diameter. From 24 August to 7 September (Fig. 7a) , the slope currents varied with the passage of the eddy. The slope currents first flowed northeastward when the anticyclonic eddy was located southeast of station S7, and subsequently turned southwestward as the cyclonic eddy approached the mooring. In winter, the large-scale eddy west of the Luzon Strait affected the slope current (Fig. 7b) . On 28 December 2005, a large-scale eddy appeared to the west of Luzon Island. In the following days, as the eddy grew and expanded toward the slope, the currents became stronger.
wind effect on the Shelf Currents
The shelf currents were studied through analyzing the moored current velocity observed throughout an entire winter (section 3.2). Wind forcing plays a crucial role in driving subtidal currents on the shelf, but the shelf current responses to wind forcing remain unclear. Further analysis of the observations is warranted to elucidate their characteristics.
A typical wind forcing activity is observed in water mass transports (i.e., Ekman transport). In the Northern Hemisphere, Ekman transports are directed toward the right of the wind. Therefore, an along-shelf wind drives shelf water toward or away from the coast. Because the sea level at the coast may rise or fall because of Ekman transport, a sea level gradient may appear across the shelf, resulting in a geostrophic along-shelf current. According to Ekman theory, a surface Ekman current is embedded in a geostrophic current (Pedlosky 1986; Cushman-Roisin 1994) . To separate geostrophic and Ekman currents from the observed velocity, a reference layer (the bottom of the Ekman layer) should therefore be chosen. The seawater temperature, salinity, and density profiles at station H1 (Fig. 8) (not shown), the appropriate value of v would be 30 cm 2 s -1 (Gill 1982) . The bottom boundary layer thickness at station H1 would be approximately 10 m. We selected 72 m (11 m above the bottom) as the reference layer where the current is in geostrophic balance. The selected reference layer was above the boundary layer, and hence, the frictional effects from the bottom should not have a significant effect on the geostrophic current.
To further examine the geostrophic balance of the current at 72 m, we compared it with the geostrophic current estimated from the sea level anomaly difference between Hong Kong and station H1. Sea-level data at Hong Kong and station H1 were obtained from the Joint Archive for Sea Level, University of Hawaii Sea Level Center (http:// ilikai.soest.hawaii.edu/uhslc/data.html) and from a moored pressure gauge, respectively. Figure 9 , from top to bottom, presents the along-shelf wind stress, sea level anomalies, and the along-shelf components of the current velocity recorded at station H1. All parameters were 48-h low-pass-filtered. The sea level anomalies were consistent with the along-shelf winds. A sea level set up was observed when the northeasterly winds were strong. The sea level anomaly trend in Hong Kong was almost coincident with that at station H1. This finding implies that shelf waters are transported in the same direction across the shelf. The sea level setup or set down would generate a pressure gradient across the shelf, and an along-shelf geostrophic current would develop. The alongshelf current velocity component at 72 m and the geostrophic current estimated from the sea level anomaly difference between the Hong Kong and H1 stations were quite similar (Fig. 9c) . The variability of the along-shelf moored currents was consistent with that of the geostrophic current resulting from the large-scale setup or set down across the shelf.
The wind-driven Ekman current for each vertical bin was then obtained from the measured current by subtracting the current velocity at 72 m (i.e., the geostrophic component). The progressive vector diagram (PVD) of winddriven Ekman currents at six selected depths is shown in Fig. 10 . Surface wind stress is plotted along the PVD at 8 m. The currents were generally flowing to the right of the winds. Some head-wind currents appeared at 8 m during the observation, which was probably due to the varying current direction at depth relative to that at the surface or the weak wind forcing as demonstrated in Fig. 6 . The current veered clockwise and decreased in amplitude with depth. These properties are consistent with Ekman theory in the Northern Hemisphere, although the angle between winds and currents occasionally exceeds 90°; this result was also demonstrated by Chereskin (1995) for the Ekman balance in the California Current and was discussed by Price et al. (1987) . Consequently, the sea level at the coast should be set up based on the Ekman transport when northeasterly monsoon wind prevails and vice versa.
A spectral analysis was performed to quantify the relationship between the Ekman transport and sea level at the coast (i.e., Hong Kong). Figure 11 presents the energy-preserved spectrum of Ekman transport strength and the coherence spectrum between the cross-shelf Ekman transport and sea level component in Hong Kong. The Ekman transport was simply estimated by integrating the Ekman currents throughout the depth bins, as shown in Fig. 10 . The energypreserved Ekman transport strength spectrum (Fig. 11a ) revealed a significant energy peak near the 100-h period, indicating a volume transport time scale on the shelf in response to wind forcing. The coherence between the along-shelf Ekman transport and sea level component in Hong Kong exhibited a high correlation (approximately 0.7) in the time range of approximately 100 h. This finding implies that the 100-h sea level variation in Hong Kong was affected by the winddriven Ekman cross-shelf transport. However, the phase lag indicated that the sea level led the cross-shelf Ekman transport by approximately 6 h, which may be attributable to two reasons. Because the sea level in Hong Kong is located at the coast, the sea level response to the wind may be faster than that in deep water because of the continental boundary effect. Another reason is the delay in the weather system arrival time at station H1 because cold winter storms usually move from north to south in the area.
The along-shelf geostrophic current (i.e., observed current at 72 m) demonstrated two significant energy peaks near the 100-and 400-h periods (Fig. 12a) . The 100-h period variation can be related to the sea level variation across the shelf attributed to the Ekman transport, as discussed previously. Because the Ekman transport strength energy preserved spectrum displays a significant energy peak only at 100 h, the 400-h period variation could result from another driving force. Chao et al. (1995) and Chiang et al. (2008) suggested that the pressure gradient between Hainan Island and the southern opening of the Taiwan Strait is a driving force for the along-shelf currents. Therefore, the 400-h period current variation may be attributable to this mechanism. The inference can be validated by calculating the coherence spectrum between the along-shelf current and sea level near Hainan Island. Because no observational sea level data were available during our study at Hainan Island, the modeled sea level output from HYbrid Coordinate Ocean Model (HYCOM, https://hycom.org/data/glbu0pt08/) was used. The data resolution has a 3-h duration and 1/12° horizontal resolution. Comparisons between the modeled sea level anomalies showed consistency with observational sea levels in Hong Kong and station H1 (not shown). Figure  12b presents the coherence spectrum and the phases between the along-shelf current and sea level near Hainan Island (19.36°N, 111.36°E). The current and sea level were highly correlated near the 100-and 400-h periods, respectively. The phases display the current led sea levels of approximately 50 h in the 100-h period variation and 180 h in the 400-h variation, indicating that the sea level at Hainan Island leads the along-shelf current variation. Consequently, subtidal currents on the shelf include two major components: the Ekman current, as a result of wind forcing, and the along-shelf geostrophic current, as a result of sea level variations. The Ekman transport caused the sea level variation at the coast in the 100-h period and hence the cross-shelf sea level gradient variation. One of the along-shelf currents reflects the 100-h period variation. The other along-shelf current variation in the 400-h period is due to the along-shelf sea level gradient, as suggested by Chao et al. (1995) and Chiang et al. (2008) .
water Runoff effect from the Taiwan Strait Induced by Typhoons
Circulation on the continental shelf of the northern SCS is affected by many factors. In addition to the monsoon wind changes effect (e.g., Wyrtki 1961; Nitani 1972; Wang and Chern 1987a, b) , Kuroshio intrusion (e.g., Shaw 1991 Shaw , 1994 , and mesoscale eddies (e.g., Li et al. 1988; Gawarkiewicz et al. 2004) , the river runoff from the Taiwan Strait induced by typhoons plays a crucial role in driving shelf currents (Zhang et al. 2009; Chang et al. 2010) . For example, Zhang et al. (2009) observed a strong southward transport in the Taiwan Strait driven by typhoon-generated local wind stress and the along-strait sea level gradient. Because the southward flow entered the shelf region, currents were presumably affected concurrently. The current at station S7 intensified with flow to the southeast at the end of August 2005 to early September 2005, and this phenomenon lasted for a few days. This phenomenon may be attributable to the strong runoff from Taiwan Strait because of the passage of a Category-5 typhoon, Talim, during this period. For example, Zhang et al. (2009) numerically studied the evolution of the depth-averaged current when Typhoon Talim crossed the Taiwan Strait. The current from the Taiwan Strait initially flowed southwestward and then shifted toward the southeast when the flow was far from the strait (Fig. 11a) . Because station S7 was located in the area of the southeastward flow, the currents were likely affected by the runoff flow and shifted to flow toward the southwest. However, additional studies are required to investigate the runoff effects from the Taiwan Strait on shelf and slope circulation.
SuMMARy
In the past decade, international science programs evolution of the internal solitary wave field and current velocity across the shelf break in the northern SCS. Moored ADCPs were distributed over the continental shelf for observation programs lasting 20 days or more. These ADCPs facilitated the study of the spatial and temporal variability in subtidal (48-h low-pass-filtered) currents over the shelf and slope regions. Subtidal currents across the shelf did not show a consistent pattern. The shelf current did not oppose the wind when strong northeasterly monsoon winds prevailed. The northeastward flow appeared only when the northeasterly winds weakened (i.e., wind stress < 1 dyne cm -2 ), implying that winds play a crucial role in forcing shelf currents.
The observed subtidal currents on the shelf comprise two components: the Ekman current and the geostrophic current. The cross-shelf component of the depth-integrated Ekman current exhibited a high correlation with the 100-h sea level variation in Hong Kong, indicating variation in the cross-shelf sea level gradient induced by the Ekman transport. The sea level set up at the coast when the northeasterly wind was strong and vice versa. The variation in the cross-shelf sea level gradient further contributed to the along-shelf geostrophic current during this period. In addition to the 100-h variations, an along-shelf geostrophic current variation of 400 h was observed, which resulted from the along-shelf sea level gradients.
Shelf and slope currents are affected by many factors. Typhoon runoff water from the Taiwan Strait and eddies in the central basin of the northern SCS play a role in forcing current variability. Eddies affect slope currents in various ways. During summer, currents are affected by a mesoscale eddy originating in the west of the Luzon Strait and in a pair of cyclone/anticyclone counter-rotating eddies; during winter, currents are affected by the large-scale cyclonic circulation in the west of Luzon Island. Additional observational studies are warranted to fully understand the current variability over the continental shelf and slope in the northern SCS.
